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RESEARCH MEMORAHDUM 

FLIGfIT CEMW3TRISTIZS AT Low SPEED OF DELTA4ING MODELS 

By Marion 0. AycKinney, Jr., snd Hubert M. Drake 

An exploratory in7estigatFon to obtain a survey of the flying 
characteristics a t  Inr syeede of mdels KLth low-aapecMatio delta 
w i n g s  ha6 been conducted In %a Langley free-flight tururel. Four 
modeI.6 having triangular plan-form wing8 with 53O, 6 3 O ,  76O, snd 
83O sweepback and five =dele these same wings u i t h  the tips 
cut off to give taper ra t los  of 0.5 or  0.2 were used. In this 
inves tlgat ion. 

It was fouad that  the s t ab i l i t y  and control  characteristics of 
the models w t t h  53O or 63O sweepback and aspect ratios of 2 or 3 
were fairly good. The pover-off glide anglee, how19ver, were very 
s t e e p  at high l i f t  coefficients. The flight c h ~ r a c t e r i s t i c s  of the 
moCels wlth 76O or 83O sweepback or aepect r a t i o s  of 1 0, - less w t f r e  
unsatisfactory becauae of unstable rolling osc l l la t lons  at htgh lift 
coefficiente or because of excessive changes in  atatlc  longitudinal 
a t a b i l i t y  over the lift range. 

Recent research has indicated that lncreases fn weepback Kill 
increase the c r i t i c a l  s p e d  of a wing and thereby increase the speed 
a t  whtch coqress lb i l i ty   e f fec ts  may cause a pronounced drag  riee o r  
stability  troubles. Below the speeds at which compreesibility effects 
occur, however, the use os" sweepback ha6 introduced new s t ab i l i t y  
problems In the htgh l i f t -coef f ic ien t  range. It has been shown .In - 
references 1 and 2 that, In o"d8r to have aa t~s fac to ry  U n g i t u d i n a l  
s t ab i l i t y  a t  hlgh lift coefficlente wlth a sweptback King, it is 
necessary t o  have low aspect ratlo, but  the  low-aspect-ratio aweptback 
w i n g s  generally have high effective, dlbdra l  at high Uft coefficient8 
and a r e  thus a b j e c t  +a poor Dutch roll s tab iUty .  An investigation 
of  the low"spesd aerodymmic characterietLcs of' lcnreapect-ratio wings, 
reference 3, indicated that some delta Wings (wlngs having mughls 
triangular plan form wIth a sweptback leading edge arxl straight 
trailing edge) lldght ham fairly good lmdpeed e tab l l i ty  charac- 
t e r i s t lca .  Some un3ubliehed results on measurelnents of the drag of 
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slaall model8 at supereonic epeeds have indicated that the drag of de l ta  
w i n g 8  might be lower them that of conetant-chord sweptback wing9 for  
eweep angle8 lees than 650.  he delta wing a b o  mema to have aom 
struc tural advantage over the conatant”chord eweptback wing. In  
general, therefore, delta wings seem t o  deeelrve aomb conelderation 
for use on hlgh+peed airplanes. 

Although the etat ic   e tabl l l ty   charachri8t icS of th d e l t a  ~ i n g a  
preeented i n  reference 3 indicated that 8- of the wings might have 
reasonably good flight behavior, the damping-ln-mll derivatives  were 
out of the normal range and 801118 of the other etabtlity  derivatives 
-re not known. Hence accurate estfmates of the flight behavior could 
not be made. An inveetigation has been made in the Langley free-flight 

with l owpec t - r e t t l o  delta wine. Thi8 lnveetigatlon v&8 of an 
exploratory nature and v88 lntellded only to provide 8 preliminary eurvey 
of the flyfne; characteristics of delta vi- over a range of sweep 
angles to determine whether  8 deta i l  study of del ta  wings i8 Jwttlfied. 

t-1, themfore, t.0 S t u d s  ths fum Char&CMri8tiC8 Of 80- m d e l 8  

Four trl-lar Kings having a range of sweep angle i  between 53O 
and 8 3 O  were t e s t e d ,  and each of these wing8 a 8  also teeted with the 
w i n g  tips cut  off to g i v e  a taper r a t i o  of 0.5. The 53O sveptwing 
wae also tee ted  with a tapr ra t io  of 0.2. Inaernuch &a these t e s t s  
were ’ exploratoq, the =del8 were Weted &e simple flying wings with a 
vert ical  tall but with no horizontal tall or  fuselage. 
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SYMBOIS 

weight of model, pound6 

vert ical  tail m a ,  square feet 

wlng span, feet 

wing  man aerodynamic chord, feet 

airspeed, feet per second 

aspect ratio ($) 

‘1 
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4 
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r- 

9. 

sweepback of leading edge, degrees 

radius of gyration of model about prfncipal  longltudinal 
axis of inertfa, f ee t  

radius of gyration of mdel about pr incipal   la teral  axis 
of Inertia, feet 

radius of gyration of model about principal n o m 1  axis 
of inertia, feet 

rol l ing angula3. velocity,  radians  per eecond 

ma88 density of air, slug per cubic  foot 

angle of attack, degrees 

angle of sideslip, degreea 

elevon dsflection, degreee, subscripts r and 2 denote 
right and l e f t  elevon deflectlon,  respectively 

inclination of principal longitudinal ax ie  of inertla 
relatin to longitudinal body axis, degrees, poeittve 
when forward end of  principal axle  is above longitudinal 
body axit3 

l i f t  coefficient (7) 
drag coefficient 

3 

lateral-force  coefficient 

p i t c h i w m n t  coefficient 
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maximum lift coefficient 

change of rolling-moment  coefficient  produced by elevons 
ae ailerons 

change of ping-IlrOment  coefficient  produced by elevone 
as  ailerons 

rate of change of coefficient  with  angle of 

a ides l ip  in degrees 

rate of change of rolling+aomnt  coefficient with angle of 

s i d e s l i p  in degrees (2) 

rate of change of rolllng-wmmt coefficient ~ 5 t h  rolling 

velocity factor in radiena (3) 
 he present  investigation  consisted of teste in the -ley free- 

flight  tunnel,  which €6 descrlbed i n  reference 4, to determine the 
stability apa control  characteristics of each of the nine models e m  
in figures l to 9. The model8 were simple flylng-wing lrpdels with a 
vertical tail at the trailing edge of the wing  but  with no fuselage or  
horizontal  tail. The airfoil used on the wlngs uae a flasplate type, 
a sketch of which f a  shown in figure 10. Thia airfoil -8 used because 
it m e  einrple to build and becsuae, at low ssale, the aerdynamic 
characterletice of delta wings have been founrl to be virtually Indepnd- 
ent of the a i r f o i l  section. This characteristic was indicated by 
cornparLeon of the delta-wing data from reference 3 with sone unpublished 
German data on a similar eerie8 of delta wings w i t h  NACA 0012 profflea 
and with SOB unpublished data on a 600 axeptkck delta wing with an 
NACA 0019h airfoi l .  

The control surfaces were conatant-chord plain flaps  at  the 
trailing edge of the wlng . These surfaces were of the t p  generally 
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called elevons; that is, the two surface8 were deflected up and dawn 
together t o  serve as elevators and were deflected  differentially to 
serve as ailerons. 

The vertfcal tails used on the mdels varied in size  but were 
geometrically sfmilar having an aepect r a t io  of 2, taper r a t lo  of 0.5,  
and no sweep of the 0.5 chord l ine .  The ver t ica l  tail arrangemmts 
wed on each of the mdels a r e  illustrated in figures 1 t o  9. These 
arrangemnte  consisted of a eingle tail in the plane of s m t r y  on 
all of the =deb except m d e l  2. This d e l  uas the first one tested 
and used a single tail in  the plane of Bymmetry o r  tu0 of these tails 
at  t h e  wing t i p s  whlch aoubled the tail area. &de1 2 was the only 
o m  equlpped with a movable rudder. 

Inasmuch as the present investigation was of an exploratory  nature 
and there was no prececlent t o  indicate w h a t  maas chmacteri@tica the 
llhodels should ham, the mdele were simply ballasted to  obtain e l ther  
of the two centel.-ofwav€ty  positions wh€ch were ueed during the t e s t s .  
Ho attempt to adjust the weight or moments of i ne r t i a  was made. The 
ma88 characterlstlcs of the models, given in   f igures  1 to 9, wem 
measured when the modela mm ballasted for the ream& of the two 
csntel.-of-g;ravity positions which were used durlng the tes ta .  This 
r e m a r d  center-of-avlty p a i t i o n  is shown on the figures. 

Photographs of two of the =dele flying in the teat   section of 
the Langley free-flight tunnel axe shown as figure II. 

Each of the m d e h  was flight-tested o k r  as wide a range of 
l i f t  coefficient as possible with two centelt.of-e;ravlty positions and 
wlth various  vertical tail arrangements in  order to determine qu&li- 
ta t ively the s t a b i l i t y  and control  characterietice and the general 
flight behavior , General flight behavior is the term uaed to describe 
the ovelclall fwng characteristics of a *del and indicates the ease 
wlth which the m b l  can be flourt, both for straight and level flight 
and for  performance of the mild maneuvers possible in the Langley 
free-fUght tunnel, Any abnormal characteristics of  the model are 
generally judged as unsatisfactory general flight behavior, inasmuch 
a6 they are disconcerting to the f ree-f l ight tunnel   pi lots  , - In 
effect, then, the general flight behavior is much the 881318 tm the 
pilOt'8 opinion or "feel" of an airplane end indicates  whether 
etability armd control l ibi l i ty  axe properly proportioned. 

A l l  the flight t e s t s  were made In power-of f gliding flight. 
The range of lift coefficient which could be covered in flight tests 
was  limlted by the maximum speed of ths tunnel whfch determined the 
lareet  possible lift coefficient. The highest l i f t  coefficient wae 

" 
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determined by the stall, by maximum glide angle of the tunnel, o r  by 
poor flylng characteristics. The two cen'ter-of-gravity positions 
corresponded to approximately 0.05 an3 0.10 s t a t i c  margin at mderate 
lift coefflcients (cL z 0.6). 

Force tests of each of the models were made to determine the 
s t a t i c  s t ab i l i t y  and control  char.=cteristics over the ent i re  speed 
range. A l l  of the forces and mnents were nreasured with  reference to 
the stebility axee whjch are shown i n  figure 12 and t o  the rearward 
centercof-gravity positions  which are shown i n  fl&%res 1 to 9 .  The 
values of the stability  derivetives cys, Cb, and c 
determined from force tests made at angles of yaw of 5O and -5'. 
A l l  the force t e s t s  were made at a dynamic pressure of 3.0 pounds per 
square foot  wbich gave value8 of Reynolds number from 402,000 
to 1,156,000 based on the mean asrodyna~Ic chords of the winge. 

ns laare 

Teste were made t o  determlne the damplng-in-roll parameter C 
lP 

for  models L and 5 by the method described in reference 5 .  The 
values of C for the o&&er models  were aveilable and were t&n 

f r o m  reference 3 .  
ZP 

Interpretation of Result8 

The results of the force tests of BO= of the wings tested have 
been compared w1t.h some unpublished data on a delta wing having 
60° sweepback which was tested in  the Langley full-scale tunnel. 
The full-ecale wing had a eharp leading edge which fxmded to produce 

mnt v88 obtained between the l l f t ,  drag, a& s t a t i c  s t a b i l i t y  
characteristics of the  lov-scale  mdeh. and the  full-scale ving with 
8 sharp leading edge. The results of the present low-cala f l ight  
tea t s  of delta wings, therefore, should give a fairly good indication 
of the fl ight  characterist ics t o  be expected of f'ull-ocale  delta 
winge hexing sharp leading edges and sim31ar  mas^ charecteristics. 
The sharp leadlng edge on the f'ull-scale wing, incidentally, gave 
higher maximum lift values than were obtalned wlth a mmcl leading 
edge. Thus it appe8rs that the free-flight-tunnel node18 eimulate 
the mre practical case. 

the 8- type Of flOW a8 that  encountered at lOW 8Cd8. h o d  & m e -  

The effects of chenges i n  the mass characteriatlcs on the 
flying characteristics of these d e l t a r i n g  I lpde ls  vere not determined. 
Sons unpublished data f r o m  free-fli@t,-tunnel test8 of heavier 
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d e l t a r i n g  mdele have indicated that increases in wing loading. of 
two times an& increases in mnrants of i ne r t i a  of about four times do 
not have an appreciable  effect on flying characterfstics. 

Preeentation of Result8 

The results of the force tests and danplng-in-mll tes te  of the 
nine mdels are  presented i n  figures 1 to 9 w h e r e  a l l  of the msaeured 
aerodynamic characteri8tica of e mdel are presented in the 8- 

. figure . These figures are placed in  the body of the paper along 
vith the results and &iecueeion 80 th&t the- complete results (force 
and flight) f o r  each mdel may be presented  together. The r e s u l t 6  of 
the t e s t s  are also m m a r i z e h  brief ly  i n  table I i n  order to  faci l i -  
tate a comparison of the mdels. T h l ~  type of presentation hae been 
used beceuae it appeared that the_$e~ts dfd not cover enough configu- 
rattons t o  jus t i fy  lllany general conclusions regetrung the effects  of 
weep en& aspect mtio on the fly- chsrectelristics of delta WLngS. 
Inasmuch ea the tests  were =de with such simplified mdela, it does 
not appear that predictions of the flytng characteristics of full- 
scale d e l t a d n g  airplanes are Justified at the present time. No 
attempt has been made, therefore, t o  interpret the mdel   resu l t s  in 
term of fi l l-scale  characterist ics,  

* 

4 
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Model 1 

IongitudiPal  stability and control.- The longitudinal  atability and control 
characterietics of the =del, with either centelcof-gzsVrty  poeition, were f a i r ly  
good over the speed range covered in the  f l igh t  teste (CL = 0.20 to  0.a). The. 
model w a s  not flown a t  the stall; hovever, the force tests  indicated that the 
bngltudinal  etabil i ty at the stall would be satisfactory. There was, however, 
come diff icul ty  in e~beblishing trim conditions and f w  thg apdels in  the 
free-flight tuMel. Thie diff icul ty  may be due in par t  to unnteadinese of the 
flow over the wing. Sm0ke”flow teste on 8 delta wing in the Langley full-scale 
tunnel h ~ v e  ebvn that the air going omr the ving separates from the surface at 
the  leading edge of the ving and forma tvo large vortices which rotate -ward 
at the center  of the model and upvard a t  the wing tipe. This same typ of flow 
y observed in f l lgh t  t e s t e  of o m  of the free-flighttunnel models vith 8 t r e - r ~  
of  string  attached to the upper surface of the ving. 

The principal cause of the diff icul ty  in f4ing th ie  model, however, wae 
apparently the large variation of drag wlth . l i f t  which is generally a cha rac t e r  
i s t i c  of low-aspec-atio swept winge and is ehovn by the  force-test results. 
This large variation of drag vfth lift caused large variations of glide angle 
with l i f t   coe f f i c i en t  since the t r t m  glide angle is a fufction of the drag-Uft 
ratio.  the^ mininwn glide ane;le occurred at a f a i r ly  lov l i f t  coefficient 
(cL z 0.3) for the model instead of near the s t a ~  ae ~ l t h  conventional mba. 
The response of the model to the elevator  control was no& when the model Y ~ E  

trimmbd t o   f l y  at U f t  coefficients below that cormsponding to the minimum gl lde  
angle. That i 8 ,  deflecting  the  elevator dovmrsrd Increaeed the glide angle and 
deflecting the elevator upuard decreased the gl ide  angle. When the model wa8 
trlnmmd to f l y  at l i f t  coefficients above that corre8ponding to the minlnwm 
gllde angle, however, the reeponse of the model t o  the elevator wa6 not normal. 
Deflecting the elevator downward caused the glide angle t o  becollle steeper for a 

speed. The glide angle then becam f l a t t e r  88 the -del approached the new t r i m  
condition. The o p p o ~ i t e  dynamic behmlor followed an uprard elevator  deflsction; 
that is, the glide angle at first USE flatter and then b e c m  eteepsr as the new 
trim condition uae approached. 

- short time until the speed of the =del increased and approached the new trim 

Lateral etabi l i ty  and control.- The lateral s tab i l i ty  and control chsrracter- 
i S t i C B  of the model were good over the .speed range covered in the flight teste. 
The force  teeta   Wicate  that the ef fec t im dihedral 88 meaeured by the 
paxameter vae slightly negative at the s t a l l .  Ths model waa not flm at 

th~ e ta l l  but  experience vith conventional mdbh (reference 6 )  heLe indicated 
that a small munt of negative  effective dihedral ie not p a r t i c u l a r l y  
objectionable. 

General flight behavlor .- The general f l igh t  behavior of the d e l  was 
f a i r l y  good. The only  diff icul ty  which w a 8  encountered YBB caused by t h e  unusual 
effect  of elavator  control on glide angle w h i c h  previously h a m  been deedribed. 
A t  times t h i e  characteristic u w  very troublesom t o  t h e  pi lo t  became of the 
diff icul ty  it caused in determLning which direction to  mve the elevator to cauee 
the model to mve up or dorm vtthin the tunnel. A brief deflection of the elevator 
caused one effect  w h e r e a s  holding that deflection caue.ed the opposite  effect. The 
significance of t h i s  response to the elevator  for the  pi lo t  of the full-scale 
airplane has not been definitely determiaed, but NACA pi lo ts  belleved that this 
behavior would be objectionable. 

With no vert ical  tall, the model could be f l m  at high lift coefficients 
although the geperal  flight behavior ya8 poor becauee of insuff ic ient   Wect ional  
e tabi l i ty .  At low lift coefficiente  without a vert ical  tall, however, the 
directional stability was so l o w  that no flights were poesible . 
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Model 2 

ll 

. 

bngitudinal   s tabi l i ty  and control.- The longitudinal  stability and control 
characteristics of the rmdel, wlth either  center-of  vlty  position, were fairly 
good over the entire speed range = 0.15 to 0 .&T The sams objectionable. 
variation o f  glide angle vith l i f t  coefficient was encountered, hoyever, as was- 
encountered ui th  mdel 1. These characteristics are discuesed in detal1  for 
mdel 1. 

(cL 

When the center of gravity was i n  the rem position, a mezirrmm l i f t  
coefficient of 0.84 vas  obtained vlth elevon deflection. Increasing the 
upward elevon defhct ion a-ve +O reat& i n  a decrease i n   l i f t  coefficient 
un t i l  the etaU vas reached w i t h  -320 elevon deflection. TMS unusual behavior 
is indicated by the pitching-nrrmsnt c m s  f r o m  tb. force tests end is a 
characteristic of the ta i l l e s s  configuration which uas tested. The 1ongitudFnal 
stabil i ty  of the mdel at the stall wae- considered satisfactory. 

Lateral stability m d  control.- The lateral s tab i l i ty  of the model, vith 
either  vertical  tail arrangement, was gomi over the entire speed range and 
apparently increaaect with increai~ l i f t  coefficient.  he directional inata- 
b i l i t y  at the stall shun by the force  teste  for the configpratlon wlth the 
small tail was not encountered in the f l igh t  tests. Apparently deflecting the 
elevons upward for  longitudinal t r i m  caused an increase i n  the directional 
s tab i l i ty  at the stall. 

The lateral control  characterlsticrr of tbe d e l  uere good .over the speed 
rCvlge betveen l i f t  coefficienta of 0.15 and 0.84 when the elevons alone  vere 
used for  control. Ae the  elevon angle was increaeed above that required for 
mxinnm l i f t ,  hQybver, the effectiveness of the elevons in  controlling the mdel 
vas reduced un t i l  at the stall the elewne vere virtuaLly  ineffective. When the 
rudder was used 88 the sole lateral contro1,thS d e l  could be flcun at lov aTd 
moderate lift coefficlents  but could not be flawn at Ugh lift coefficients 
because there rae ineufficient dihedral effect  to roll  the mdel. The force 
t e s t e  show t h i s  drop in effectlvs dihedral at high l f f t  coefficients. 

5 flgLag characteristics  of this model indicated that it was urmecesaary 
to  UBO the  rudder when the elevons uere usgd to roll the d e l t a 4 n g . m d e l  because 
there was no apparent adverse yawing in a r o l l  with the elevons alone. This 
characteristic may be attributed to the favorable yawing raoment due t o  elevon 
deflection at low l i f t  coefficients shrwn by the force t e s t e  and to  favorable 
yewing mments due to roll ing at high l i f t  coefficients. It i s  ahoun i n  
reference 7 that highly swept wlnga have favorable y a m  mmnts  due t o  
rolling at mderate apd high l i f t  coefficients. 

General f l inht  behavior.- The general f l ight  behavior of the model vas 
f a i r ly  good w i t h  either centelrof-gravity position  or  vertical tail arrangement. 
The unusual variation  of  glide angle wlth lift coefficient caused the 881138 
diff icul ty  that wae sxperienced with plodel 1. 

Tfie reduction i n  the rolling  effectiveness of the elevons with increasing 
angles of attack above that required  for maximm l i f t  w a 8  part ia l ly  compensated 
byl the increme i n  lateral s tabi l i ty ,  eo that the mdel could be flbvn steadily 
although it WBB not very maneuverable. Tim model could not be flown at the 
s t a l l ,  however, becauee the elevons were virtually  ineffective  for rolling the 
model so that the mild roll off at  the stall could not be controlled. 

W i t h  no vertical  tal3 the model could be flown satiefactorily at high 
l i f t 6  but at Low Uft coefficients the general fltght behavior was uusatisfactary 
for the tail-off  configuration becauee of insufficient  directional  stabil i ty.  



12 RACA RM NO. ~ 7 ~ 0 7  
.2 

./ 

CI E O  
4 

. 



RNA RM NO. ~ 7 ~ 0 7  13 

hngi tudinal   s tabi l i ty  and control.- The longitudinal stab i l l ty  and control 
characteristics of the =del were uneatisfactory because of BP excessive 
variation of e ta t ic  lmgitudinal s tab i l i ty  w i t h  l i f t  coefficient. Thle 
variation is indicated by the pit-ment data from the force tes ta  vhich 
shov a change in e ta t ic  margin d%/d% of  about 0.2 o m r  the range of l i f t  
coefficient. When the center of gravity of the model YBB in the rearward 
position the longitudinal s t ab i l i t y  vae uneatisfactory at low l i f t  coefficients 
because of low s t a t i c  longitudinal stabi l i ty .  The s ta t ic   longi tudinal   s tabi l i ty  
increamd v i th  increasing lift coefficient, huwewr, and the longitudinal. 
e tabi l i ty  y88 satisfactory at =derate and high lift coefficients. When the 
center of gravity waa in  the f o n d  position the -1 had euff ic ient   s ta t ic  
longLtudinal s tab i l i ty  at lov l i f t  coefficients, but because of the increase 
i n   s t a t i c   e t a b i l l t r  with  increasing l i f t  coefficient, the elevopB.-could not 
trim out the Large pitching mnwnts et high l i f t  ooefficienta and could not 
t r i m  the mdel to l i f t  coefficients above a value of about 0.n. 

In addition to these longiw stabi l l ty  and control  troubles the 
variation of glib angle ufth l i f t   coe f f i c i en t  oaused the aame diff icul t fes  
as were encountered with =del 1. ?hese diff icul t iee  are discu8sed ia detail 
for model 1. 

 the^ mdel wa8 not fbun at the S t a l l ,  but the forcetest data indicate 
tha t  it vaa statically stable at the s t a l l .  

Lateral s tab i l i ty  and control.- The =del, w i t h  e i ther   ver t ica l  tail, 
- had &pod Lateral   s tabiuty over the speed range covered in the f l igh t  tests 

(CL = 0.21 to 0.83), and the s tab i l i ty  of tbe lataral oecilhttione appeared 
t o  increase k i th  increaeing lift coefficient. 

The lateral control  characteristics were good at lie coefficienta below 
a value of 0.70. A t  higher l i f t  coefficients, baybver, the response of the 

the large adverse yawing mments ( f ig .  3) cawed. by the sbrt-apan, wide-chord 
elevon8 used on thie  model. The adverse yaving due to  elevons and the high 
effective dihedral of W s  mdel evidently caused large rolling numents which 
oppoeed the elevon rol l ing mments at hQh l i f t  coefficients and thus reduced 
the rolllng  effectivenese of the elevons. 

model to  the ContmlE Weak. T h i n  U8dLXl088 aght be attributed part- to 

General f l igh t  behavior.- The general fUght behavior of ths model y88 

unsatisfactory because of the excessive  variation of s t a t i c  longitudinal 
s t ab i l i t y  with uft ooetffioient. This variation cawed the model to  ham 
uneatisfactory longitudinal s tab i l i ty  a t  low Uft coefficients when the 
center of gravity waa i n  the rearyard positlon  or c u e d  the elevons to be 
inadequate for  trimming to high l i f t  coefficients when the center of gravity 
YBB i n  the forward position. Although BO= intermediate  center of gravity 
might give  satisfactory fliat behador over the entire speed range, t h i s  
plan form does not seem to be practical for t a i l l ees  airplanes because of the 
lirsited allowable crentelcof-vi ty movement. 

The lateral f l igh t  behavior wae- good at Uft  coefficients beW 0.70 but 
vas only fair at higher l i f t .   coeff ic ients  becauee of the decrease i n  the - - effectiveness of the lnteral controls. 
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Model 4 
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. 

Longitudinal s t ab i l i t y  and control .- The longitudinal  atability 
snd control charaeterlstics of the =del, wLth either  center-of"gravity 
posltlon, were f o n d  to be fairly good over the ent i re  speed range 
(CL = 0.10 to 1.06 , Ths only undesirable  longitudinal  chsracterbtic 
was the unusual response of the mdel  glide angle to  elevator 
deflection. Thls  characteristic has been discassed i n  detail for  
d e l  1 which W the 8- tspe of  behavior. Model 4 was flown at  
the stall, anrl its LongitwLlnal a t a b i l i t y  and control  chsrazteristics , 

in  this  condition were considered f a i r l y  satisfactory inasmuzh 88 the 
model w a s  stable and recoveries sould generally be made from the 
stal led conditron by mans of the elevons. 

) 

Lateral s t ab i l i t y  an1 control.- The lateral s t&bi l i t y  of the 
model, with ei ther  vertLcal  tall, was f a i r l y  good ovar the ent l re  
a p e d -  range. Although there m a -  a 110 ticaable  reduction in  s t ab i l i t y  . 
with €nzresbing l i f t  coeff ic ient ,   the   la teral   s tabi l i ty  appeared to 
be estlsfactory for the contro1s"fixed  case. At tlmes, however, when 
thsre w s a  p l a y  in the elevon control system, a amall-mplltufie, steaAy 
mllirq o s s i l h t i o n  was evident at l i f t  coefficients above a value of 
about  0.70. 

The laterai control c k a c t e r i s t i c s  of th8 W e 1  were good at 
l i f t  coefflciencs be lw a valus of 0.75. At highar l i f t  coefficients, 
however, there was noticeable decrease in the effectivemas of tha 
controls as ths l i f t  coefficient was inzreaeed. At the stall tb  
effectiveness of the elevons f o r  roll- the =&el was too l o w  to 
be satisfactory. 

General f l igh t  behavior.- The general flight behavior of thB 
model was fairly good. In s p i t e  of the- fact  that the lateral 
s t a b i l i t y  & control  effestlveness decreased w i t h  increaelrg llft 
coefficient, thg mde1 w9s eaeg t o  fly at high lift coefficients. 
It was quLte steady at htgh l i f t  coefficients  although it w a s  not 
as mansaverable as mlght have been clesired. There were tsm obJ3ztion- 
able  points about the flight bshavior, h3waver, wh€ch shoJlld be 
point&  out. Tn5 unusslal respnss of the model glide angle to 
elevator deflection =meed EO= difficulty,  d the low rolling 
effectimnees of  thselevons at  th3 stall WRB definitely  objectionable 
beaaase tb nodel coald not a 1 w . s ~ ~ ~  be controlled in  s 8-11 although 
t b  roll-off was very slow. 

The general flight behavior of the mdal was poor when it vas  
flown withoxt a ver t lzs l  tail bezausa of high L€hdral effect  ami 
low directLonal  etapility. Th i s  codinst ion of factors caused 
excessive yawing BO that the r o l l f n g  mmnta due to s idesl ip  often 
overparered t b s e  due t o  ths elevons. 



16 NACA IW No. 

I C  



BACA RM No. LIE07 17 

" 



18 

0 .Z A .6 .8 10 V M 16 

t 

" . 



NACA RM NO. ~7x07 

&del 6 

' position, &re fair- good over the speei range covered the ffight - 
tests (CL = 0.23 t o  0.50). The s a m  di f f icu l t ies  in establishing 
t r i m  conrZitions and flying the mdel were encountered as -re 
encountered  wlth mdel 1. The mdel waa not flown at the stall, but 
the force-test d a t a  show atat lc longituiinal ins tab i l i ty  a t  the etaJJ-. 

. I  

Lateral stabllfty and control.- The model had fair l a t e r a l  
a tad i l i ty  at lift coefficients below 0 -32 w i t h  either vert ical  tail. 

- A constant-amplitude rolling osci l la t ion similar to that obtained 
. w i t h  model 5 xae encountered at l i f t  coefficients between 0.32 
an& 0.50. A t  l i f t  coefficients above 0 -50 the row oscillations 
were unstable and increased i n  ampll tde until the mdel rolled. 
completely over I 

The lateral control  characteristics of the model w e r e  good over 
the speed. range covered in the flight tests. 

. 
General flight behavior.- The general flight behavior of the 

model was fair at l i f t  coefficiente below 0.32 W f t h  ei ther   ver t ical  
tail. A t  ht-r lift coefficients the general flight behavior was 
poor. The mibl could not 'be flown st Uft  coefficients above 0.50 
because of the unstable rolling oscil lation which caused the nodel 
to roll completely over out of control- The =del could not be 
flown without a ver t ica l  tall i n  spi te  of the fact that the force 
t e s t s  showed a fair amtmt of direct%& stabilfty.  The effective 
dihedral. waa high i n  proportlon to the direct ional   s tabi l i ty  and t h e  
damping In r o l l  w a ~  Low. Became of this combination of factors, 
the mdel w o u l d  r o l l  off  rapfdly when it gaued, and the rolllng 
mnent due to  the s ides l ip  generally overpowered that due to  the 
elevons so that the model could not be controlled. 

" 
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Lateral stability an5 control.- The =del had fair  lateral 
stabi l i ty  at  Eft coefffcients beh 0.18 vlth either vertical -1. 
A constsnt4mplitude roll€ng oscillation sfmilar to that described 
on mdeI 5 was encountered at lift coefflcients betveen 0.18 
d 0.28. At lift C00fffCientS 8bOm 0.28 the O S C i m t i O n S  
were unstable as on model 6 . 

The lateral control CharaCt~rlStiC6 were good at Ifft coefflcients 
below 0.24, At highem l f f t  coefficients the Lateral control hecams 
W e a k .  

General. flight beharLor.- The general flight behavior of the 
model was fair at I f f t  coefficient below 0.18 with efther vertical 
tail. At higher l i f t  coefffciente tihe general flfght behvlor waa 
poor. The mdel could not be flown  at lift coefffcients above 0.28 
because of the unstable rol- oecillation. The -el could not be 
flown without a vertical tafl because of fnsufficfent directional 
atabi li ty . 
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bngitudinal s t a b i l i t y  ~mt~01.- The l o n g i t u d w  stability 
and control  characteristics of the model, with either cente-f-vity 
position, were good over the speed ranga covered in  the  flight testa  
(CL = 0.07 to 0.28). This m&el was not flown at -the s t a l l ,  but the 
force-test data indicate  static longitudinal instability at the stall. 

Lateral  stability and control.- The mdel had fair lateral 
stability at Uft coefficients below 0.18. - A constantx-mmlitude 
r o l ~ n g  oscillation similar to  that of mde1 5 W ~ E  encounterea at 
hlghr lift coefficients between 0.18 and 0.28. A t  lift  coefficients 
above 0.28 t h e  rolling  oscillations were unstable as on model 6. 

The lateral  control  charact.eristics were good at lift 
coefficients below 0.24. At higher lift  cosfffcients tbe lateral 
control  became weak. 

General fliRht behavior.- The general flight behavfor of the 
model w a s  fair at lift  coefficients  below 0.18. At higher lift 
coefficients the general flight behavior vas poor. The e e l  could 
not be flown at llft  coefffcienta  above 0 -28 because the rolling 
oscillation vas unetable. 
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Longitudinal  stability and control .- The longitudinal  stability 
and contrpl  characteristics of the model, wlth either  center-of-parLtg 
positibn, were good over the sbeed range covered in the  flight  tests 
(CL = 0.12 to 0.20 . This mdel Was not flown at the stall, but  the 
force-test  data  indicate  static longltu3inal instability at the stall .  

1 
Lateral  stability and control.- The mdel was laterally stable 

at lift  coefficients below 0.17. A constant-emplitude rolling 
oscillatlon  similar to that  obtained Vith model 5 w a s  encountered at 
l i f t  coefficients  between 0.17 and 0.20. At l i f t  coefficients 
above 0.20 the rolling oscillations  were  unstable as on xxlel 6 .  

The lateral control  characteristice were good ovetr the speed 
range covered in the fllght teats. 

General  flight behavior.- The general flight behavior of the 
model was  poor  at  lift  coefficients below 0.20. The mdel  rolled. 
so rapidly 88 a result of external  disturbances that it vas ahmat 
unflyable . At lift coefficients above a value of 0.20 the model 
became  unflyable  because of the -table high-frequency  rolling 
OSCillatiOIl. 
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&dele 1, 2, and 4 had very sipiilar flJring characterfstice. 
Models 1 and 2 had 53O Bweepback and aspect  ratios of 3 and 2, 
respectively,  whereas model 4 had 6 3 O  Bweepback and an aspect  ratio 
of 2. The general flight  behavior of these models uae falrly good 
and coxpared  favorably with that of good conventional models except 
for  an unusual response of the model glide angle to elevator 
deflection,  Thia  characteristic,  which i s  described in detail for 
model 1, was objectionable to t e  free-flight"twme1 pilot although 
the zaodele could be flown fairly easi l y  once the t r i m  conditione of 
airspeed and glide angle were establishad. NACA airplane test 
pflots  have expressed an opinlon that t h i s  unusual response to the 
elevator control would be obJectionable to the pilot of a full+cale 
airplane. 

The gowe-ff a d e  anglee of these mdele wa8 very steep 
(about 30 at t h  B.~~II) at high Uft coefficients  because of the 
Bweepback aad low aepeot ratio of the modela. W e e  steep poue-ff 
glide angles, and consequent high sinking speede, would probably 
constitute a major hazard. 

' hbdele 3 an6 5 ,  which had 53O anb 63O weepback and aspect 
ratios of 1 and 2/3, respecttveQ, h a d .  a i d l a r  uneatiefactory longi- 
tudinal  stability and control  characteristics w h i c h  were cawed by an 
excessive change in etatic longituainsl stability over the speed range. 

Models 5 to 9 had unsatiefactory  flight behavior because of' 
hlgh-frequency, conetanmlitude, or unstable rolling oscillations 
at high lift  coefficients. In addition to the poor lateral etabil l ty  
characteristics, =deb 6 to 9 ,  which had ewespbaok angles of 76O 
and 83O and aspect ratios between 1 and 1/6, had  etatic longitudinal 
inetabillty  at the e t a l l .  

Langley hmrisi bronrtutioal Laboratory 
National  Advisory Cormitbe for Aeronautics 

Langley Ffeld, Va.  
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(a) Model 8. . 

L 

(b) Model 4. 

Figure 11. - Delta-wing models flying in the Langley  free-flight tunnel. 
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